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@ Radiant tube furnace and method of burning a fuel. 

@ A radiant tube furnace has a pair of regenerative burners 
(13. 14) liring alternately into opposite ends of the tube (12). 
There is a respective inlet (28, 31) at each end of the tube (12) 
for admitting gas to the tube (12) immediately adjacent to the 
wall (10) thereof and these inlets communicate via a duct (32) 
so that products of combustion are drawn from one end of the 
tube (12) and introduced into the opposite end of the tube (12), 
where the burner (13, 14) is firing. 
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Description 



Radiant tube furnace and method of burning a fuel 



The present invention relates to heating by means 
of a tube within which a fuel is burned to release 
hea;. Heat is radiated from the tube and a furnace 5 
constructed to heat workpieces or materials in this 
way is referred to as a radiant tube furnace. 

According to a first aspect of the present 
invention, there is provided a method of burning a 
fuel to supply heat wherein a burning mixture of the io 
fuel v/ith air is directed along the Interior of a tube to 
heat the tube and cause the tube to radiate heat, a 
further gas is admitted to the interior of the tube 
adjacent to the wall thereof and wherein the further 
gas forms a shield between the burning mixture and is 
a part of the tube wall. 

It will be understood that the burning mixture of 
fuel with air will not necessarily be homogeneous. 
Typically, the fuel and the air will be maintained 
separate from each other until they are about to be 20 
directed into the tube. Some degree of mixing may 
occur upstream of the tube but mixing of the fuel 
with a:r will continue within the tube. 

An end portion of a radiant tube is generally 
disposed within an opening formed in a wall of a 25 
furnace. It will be understood that this end portion of 
the t jbe cannot readily radiate heat, because it is 
closely surrounded by the furnace wall and the wail 
itself is formed of materials which do not conduct 
heat easily, so that the surface of the opening in the 30 
wall will quickly become heated to a temperature 
approximately equal to that of the end portion of the 
tube. To avoid heating of the end portion of the tube 
to a temperature at which deterioration of the tube is 
likely to occur, it is desirable to provide a shield of 35 
sleeve-like form between the end portion of the tube 
and the burning mixture inside the tube. This shield 
may be formed by the further gas admitted to the 
tube, or may a fixed shield formed of solid material or 
these two forms of shield may be used in combina- 40 
tion. The invention is applicable with especial 
advantage in a case where the burning mixture of 
fuel and air is directed into the tube from a 
regenerative burner, since heating of the combus- 
tion air in a regenerative burner results in a relatively 45 
high flame temperature. 

The further gas is preferably substantially devoid 
of free oxygen and is preferably non-combustible. 
The further gas may include products of combustion 
of the fuel in the tube, these products being so 
circulated through the tube. It will be understood 
that a fraction only of the products of combustion 
would be circulated through the tube to provide the 
gaseous shield. A further fraction of the products of 
combustion may be exhausted from the tube 55 
through heat storage means which extracts heat 
from the products of combustion and subsequently 
imparts that heat to combustion air. 

Whiist it would be within the scope of the invention 
to cool that fraction of the products of combustion 60 
which are to be circulated through the tube to 
provide the gaseous shield, it is believed that the 
temperature of the products of combustion leaving 



the tube will be sufficiently low for the products of 
combustion to provide an effective shield, without 
further cooling of the products of combustion prior 
to admission of those products to the tube. If 
required, the further gas may include a first portion 
of circulated products of combustion which have not 
been cooled significantly outside the tube and a 
further, relatively cool portion. 

According to a second aspect of the invention, 
there is provided a radiant tube furnace having a pair" 
of regenerative burners, one at each end of the tube, 
wherein there is associated with each burner a 
respective inlet of annular form for admitting to the 
tube adjacent to the wall thereof an annular, gaseous 
shield and wherein the burner is arranged to direct 
air and fuel into the tube along a path which is 
surrounded by the annular inlet. 

The furnace preferably comprises a duct connect- 
ing the annular inlets to each other for flow of 
products of combustion from one end of the tube to 
the other end of the tube, via the annular inlets. The 
pressure and velocity conditions in the tube will 
generally be such that products of combustion will 
flow through the duct from that end of the tube 
where products of combustion are exhausted from 
the tube to that end of the tube where the 
associated burner is firing into the tube, without use 
of any pump or any other device to impart kinetic 
energy to the products of combustion within the 
duct. However, a pump or injector may be used to 
promote flow to the annular inlet adjacent to the 
burner which is firing. There may be associated with 
the duct a valve for controlling the flow of products 
of combustion along the duct. 

There is also provided in accordance with the 
invention a radiant tube furnace having at at least 
one end of the tube a burner and an annular inlet for 
admitting to the tube adjacent to the wall thereof an 
annular, gaseous shield, the burner being arranged 
to direct air and fuel into the tube along a path which 
is surrounded by the annular inlet. 

An example of a furnace embodying the present 
invention and which is used for burning a fuel by a 
method in accordance with the invention will now be 
described, with reference to the accompanying 
drawing, which shows diagrammatically a cross-sec- 
tion through a furnace having two regenerative 
burners, internal parts of one only of these burners 
being shown. 

The furnace illustrated in the drawing has a wall 10 
enclosing a chamber 11 in which material or 
workpieces is or are to be heated. A substantially 
U-shaped tube extends into the chamber 1 1 from 
the wall at one side of the chamber, with end 
portions of the tube being disposed in respective 
openings formed in the wall. The general arrange- 
ment and construction of the furnace, including the 
wall 10 and the tube 12, may be those of a known 
furnace and will not be further described. 

Regenerative burners 13 and 14 are mounted at 
the outside of the furnace wall 10 in alignment with 
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respective end portions of the tube 12. Fuel lines 15 
and 16 are provided for supplying fuel to the burners 
from a suitable source, for example a natural gas 
main. Control means of the burners includes valves 
17 and 18 for controlling the flow of fuel along the 
fuel lines. The burner 13 has an inlet duct 19 along 
which combustion air can flow to the burner and 
along which products of combustion can leave the 
burner and pass to the atmosphere through a 
suitable stack. The burner 14 has a corresponding 
Inlet duct 20 for leading combustion air to the burner 
14 and for conveying products of combustion from 
that burner to the stack. The control means includes 
valves for connecting the inlet ducts 19 and 20 in 
turn with the stack and with a fan or other means for 
supplying the combustion air. 

The burners 13 and 14 are identical one with the 
other and therefore the arrangement of the burner 
13 only will be described and is shown in the 
drawing. The burner contains an annular bed 21 of 
refractory elements which is in direct communica- 
tion with the inlet duct 19. The inner periphery of the 
bed is defined by a tube 22, along the interior of 
which the fuel line 15 extends to or almost to a 
mixing position 23 which lies adjacent to that end of 
the tube 22 which is nearer to the radiant tube 12. 
The mixing position 23 is separated from one end of 
the bed 21 by retaining means 24 for preventing the 
refractory elements falling from the bed into the 
mixing position. The retaining means is of a form 
which provides little obstruction to the flow of air 
from the bed to the mixing position and which does 
not promote severe turbulence in air flowing from 
the bed to the mixing position. The retaining means 
may. for example, comprise a number of bars which 
are spaced from each other and from the tube 22 by 
relatively large gaps for the unobstructed flow of air. 

The burner 13 further comprises a hollow guide 25 
for guiding air from the bed 21 and fuel from the fuel 
line 15 into the tube 12. The guide includes a 
divergent end portion of conical form which sur- 
rounds the mixing position 23 and which is held in 
substantially fluid-tight relation with an annular body 
of the burner surrounding the bed 21. An opposite 
end portion of the guide is of cylindrical form, 
extends into the adjacent end portion of the tube 12 
and extends at least along that end portion of the 
tube which is surrounded by the wall 10. The guide 
may protrude somewhat beyond the internal face of 
the wall 10. It will be noted that the guide 25 is 
arranged as a cantilever and is supported only at its 
conical end portion. Accordingly, the guide is 
formed of a robust material which can withstand 
particularly high temperatures, without deterioration. 
An example of a suitable material is silicon carbide. 

There is interposed between the burner 13 and the 
furnace wall 10 a housing 26 inside which there is an 
annular inlet chamber 27 surrounding a part of the 
guide 25, Typically, the housing has an outwardly 
projecting flange at each of its ends, one of these 
flanges being secured by bolts to the wall 10 and the 
other flange being secured by bolts to a correspond- 
ing flange of the burner 13. 

The outside diameter of that part of the guide 25 
which lies within the end portion of the tube 12 is 



considerably less than is the Internal diameter of the 
end portion of the tube. Accordingly, there is an 
annular space 28 between the guide and the tube. 
This space communicates directly with the chamber 
5 27 and so provides direct communication between 
the inlet chamber and the interior of the radiant tube. 

A housing 29 corresponding to the housing 26 is 
interposed between the burner 14 and the furnace 
wall 10. This housing defines an inlet chamber 30 
10 which communicates with the interior of the radiant 
tube through an annular space 31 corresponding to 
the space 28. A duct 32 extends between the 
housings 26 and 29, providing direct communication 
between the inlet chambers 27 and 30. In the 
15 example shown in the drawing, this duct lies outside 
the furnace wall 10 but nearer to the furnace wall 
than are the burners 13 and 14. The housings 26 and 
29 and the duct 32 may be insulated externally 
against heat loss. 
20 When the burner 13 is firing, fuel and air are 
supplied to that burner. The fuel is directed through 
the mixing position 23 along the interior of the guide 
25. The air passes through the bed 21, where it is 
heated, and then passes through the mixing position 
25 23 and along the interior of the guide. Some degree 
of mixing of the fuel and air occurs at the mixing 
position so that a flame is established inside the 
guide 25. However, thorough mixing of the fuel and 
air is not achieved at the mixing position. Mixing 
30 continues as the gases flow along the guide 25 and 
may continue after the burning mixture has left the 
guide 25 and flows along the interior of the radiant 
tube 12. Typically, the flame extends at least to the 
bend in the tube. Products of combustion flow along 
35 the tube towards the burner 14, A first portion of the 
products of combustion flows along the interior of 
the guide 33 associated with the burner 14 and then 
through the bed of refractory elements contained in 
that burner, so heating the refractory elements, 
40 before this portion of the products of combustion is 
discharged to the atmosphere. A complementary 
portion of the products of combustion flows through 
the annular space 31 into the inlet chamber 30 and 
from there through the duct 32 to the inlet chamber 
45 27. From this inlet chamber, the products of 
combustion flow into the tube 12 along the annular 
space 28. It will be noted that the products of 
combustion entering the tube along the space 28 are 
confined to a region of the tube which is immediately 
50 adjacent to the wall of the tube. The flow of products 
of combustion is distributed substantially evenly 
around the circumference of the tube. 

The products of combustion entering the tube 12 
through the annular space 28 form a shield between 
55 the burning mixture of fuel and air and the wall of the 
tube 12. This shield Is maintained downstream of the 
guide 25, although turbulence of the gases within the 
tube 12 will disrupt the gaseous shield so that the 
shield is not maintained throughout the tube. 
60 Typically, the shield will cease to be effective at a 
position upstream of the bend in the radiant tube. 

When one half cycle of operation of the burners 
has been completed, the supply of fuel and air to the 
burner 13 is terminated and firing of the burner 14 
65 commences. This changes the pressure and velocity 
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conditions within the radiant tube 12 in such a way 
that flow of products of combustion is induced in the 
opposite direction along the duct 32. Thus, products 
of combustion flow from the tube 12 into the 
chamber 27 and thence through the duct to the 5 
chamber 30. The products of combustion flow from 
the chamber 30 into the tube 12 to form a gaseous 
shield in a manner analogous to that hereinbefore 
described. 

Those end portions of the tube 12 which are 10 
closely surrounded by the wall 10 are shielded from 
the burner flames by the guides 25 and 33 and also 
by the gaseous shields. Further portions of the wall 
of the tube 12 are shielded from the hotest parts of 
the flames by the gaseous shields. Even though the 15 
regenerative burners produce flames having very 
high temperatures, the wall of the tube 12 is not 
subjected to an excessively high temperature and 
the imparting of heat to the tube wall is distributed 
more evenly along the tube than would be the case 20 
in the absence of the gaseous shields. 

The shape and size of the duct 32 and of the inlet 
chambers 27 and 30 can be selected to provide for 
the required flow rate of products of combustion 
through the duct. If required, a valve may be 25 
associated with the duct, in order that the resistance 
to flow of gases through the duct can be varied. Up 
to one half of the prpducts of combustion may be 
circulated. 

In a first modification of the arrangement illus- 30 
trated in the accompanying drawing, the duct 32 is 
disposed in the furnace wall 10 or in the chamber 11 
and provides direct communication between the 
annular space 28 and the annular space 31. In a 
further modification, a pair of ducts is substituted for 35 
the duct 32. One of these ducts connects the inlet 
duct 19 with the inlet chamber 30 and the other 
connects the inlet duct 20 with the inlet chamber 27. 
Valves may be provided for opening these ducts 
alternately so that products of combustion which 40 
have been cooled by one of the burners are returned 
to the radiant tube at the end thereof into which the 
other burner is firing. 

Whilst the invention is conveniently applied to a 
furnace having a radiant tube which is generally 45 
U-shaped, it will be understood that the invention 
may a!so be applied to a furnace having a rectilinear 
radiant tube. Furthermore, the invention may be 
applied to a furnace having a burner at one end only 
of the tube, rather than a pair of regenerative 50 
burners which fire alternately into the same tube. 

Whilst products of combustion from the radiant 
tube constitute a readily available mixture which will 
not contribute significantly to combustion in the 
radiant tube, other sources of gas may be used to 55 
provide a gaseous shield. Although a shield which 
will not participate substantially in combustion 
occurring within the radiant tube Is preferred, the 
shield may be formed of or include air. The air may be 
relatively cool air or air which has received heat 60 
derived from products of combustion leaving the 
radiant tube. 

If air is introduced so that the shield includes 
oxygen, the mixture flowing through the guide 25 
may be correspondingly fuel-rich. This promotes a 65 



long flame and lower flame temperature. 

We have found that gaseous shields help to avoid 
very high flame temperatures and therefore contrib- 
ute to low concentrations of oxides of nitrogen in the 
gases discharged. 



Claims 

1. A method of burning a fuel to supply heat 
wherein a burning mixture of the fuel with air is 
directed along the interior of a tube to heat the 
tube and cause the tube to radiate heat, 
wherein a further gas is admitted to the interior 
of the tube adjacent to the wall thereof and 
wherein the further gas forms a shield between 
the burning mixture and a part of the tube wall. 

2. A method according to Claim 1 wherein the 
further gas includes products of combustion of 
the fuel in the tube, which products are 
circulated through the tube. 

3. A method according to Claim 1 or Claim 2 
comprising an indefinite number of cycles 
wherein, during a first part of each cycle, the 
burning mixture of fuel and air enters the tube at 
a first end thereof and products of combustion 
leaving a second end of the tube are cooled by 
heat storage means and wherein, during a 
second part of each cycle, the burning mixture 
of fuel and air enters the tube at the second 
thereof, the air being heated by the heat 
storage means and products of combustion 
leaving the tube at the first end thereof are 
cooled by the heat storage means. 

4. A method according to Claim 3, as 
appendant to Claim 2, wherein a first portion of 
the products of combustion leaving the tube 
flows to the heat storage means and a second 
portion of products of combustion leaving the 
tube flows to the other end of the tube without 
passing to the heat storage means. 

5. A method according to Claim 2 or Claim 4 
wherein less than one third of the products of 
combustion Is circulated. 

6. A method according to Claim 1 wherein the 
further gas is substantially mcombustible and/ 
or is substantially devoid of uncombined 
oxygen. 

7. A method according to Claim 3 or Claim 4 
wherein there is no substantial discharge of 
products of combustion other than through the 
heat storage means. 

8. A radiant tube furnace having at at least 
one end of the tube a burner and an annular 
inlet for admitting to the tube adjacent to the 
wall thereof an annular, gaseous shield, the 
burner being arranged to direct air and fuel into 
the tube along a path which is surrounded by 
the annular inlet. 

9. A radiant tube furnace having a pair of 
regenerative burners, one at each end of the 
tube, wherein there is associated with each 
burner a respective inlet of annular form for 
admitting to the tube adjacent to the wall 
thereof an annular, gaseous shield, the burner 
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being arranged to direct air and ifuel into the 
tube along a path which is surrounded by the 
annular inlet. 

10. A furnace according to Claim 8 or Claim 9 
wherein the or each burner includes a tubular 5 
element which extends into the radiant tube, 
the tubular element is spaced from the wall of 



the radiant tube by an annular gap and wherein 
the annular inlet communicates with the gap. 

11. A furnace according to Claim 9 or Claim 10 
further comprising a duct connecting the 
annular inlets to each other. 
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